This study examined the influence of low-level laser therapy (LLLT) on the healing of a large osteochondral defect in rabbits. An osteochondral defect with 5 mm diameter was surgically induced in the right femoral patellar groove of 48 adult male rabbits. They were divided into a control and an experimental group. The rabbits were treated at 2, 4, 8, and 16 weeks after surgery, with six rabbits in each study period being tested at each biweekly period. The experimental group received LLLT with a helium-neon (He-Ne) laser (632.8 nm, 10 mW) of 148.4 J/cm 2 three times a week, and the control group received placebo LLLT with equipment switched off. The defects were examined macroscopically and microscopically. The results of the histological examination 2 weeks after surgery showed that the osteochondral healing of the control group was significantly accelerated compared with that of the experimental group. However, the osteochondral healing of the experimental group 4 weeks and 16 weeks after surgery showed that healing accelerated significantly compared with that of the control group. The conclusion was that LLLT with an He-Ne laser could not significantly accelerate healing of a large osteochondral defect in rabbits of the experimental group compared with that of the control group throughout the duration of the present study.
INTRODUCTION
Articular cartilage has a simple architecture composed of a unique type of cell, i.e., the chondrocyte, embedded in a dense extracellular matrix (ECM). Both the chondrocyte and ECM distribute within successive cartilage layers identified as superficial, transitional, radial, and calcified zones. The subchondral bone is located deep in the calcified zone. Articular chondrocytes in adults do not divide but help maintain the integrity of the cartilage through balanced synthetic and catabolic activities [1] . Cartilage lesions are classified as either full or partial thickness, depending on whether or not they extend to the subchondral bone [2] . Historically, articular cartilage has been considered to have only a weak capacity for repair, as reported by Hunter 250 years ago [3] . Researchers have generally accepted that those defects that penetrate the subchondral bone (full-thickness defects) are repaired with various tissues, from a fibrous tissue to fibrocartilage. However, the reparative tissue, even histologically hyaline-like cartilage, lacks the biomechanical capabilities to express some cartilage-specific molecules, and its biomechanical durability is inferior to that of agematched normal articular cartilage [4] . A number of attempts have been made to develop clinically useful procedures for repairing damaged articular cartilage. The term low-level laser therapy (LLLT) is broadly applied to the therapeutic effects of laser. The clinical application of LLLT is growing rapidly, and several review articles on clinical applications of LLLT have been published [5] . LLLT with a helium-neon (He-Ne) laser has been used in treating musculoskeletal complications [6] [7] [8] [9] [10] [11] . In this regard, research has reported that LLLT with an He-Ne laser can improve immobilized articular cartilage and damaged articular cartilage in vivo [6] [7] [8] [9] and that LLLT can increase the number of chondrocytes in vitro [10] . Very recently, Peccin et al. demonstrated that an He-Ne laser induces cartilage neoformation after 40 days following therapy [11] . Since no reports have been published on the effect of a low-level He-Ne laser with a wavelength of 632.8 nm on healing a large osteochondral defect in rabbits, this study examines the potential therapeutic effect of LLLT with an He-Ne laser on the histological parameters of healing a large osteochondral defect in rabbits.
METHODS

Animal Procedures
We used 48 adult white New Zealand rabbits aged 7 months and weighing 2,000 ± 300 g (mean ± standard deviation) at the beginning of the experiment. (Note that subsequent values are expressed as mean ± standard deviation unless specified otherwise.) All animals were fed a standard diet with tap water ad libitum. Rabbits were randomly divided into a control group (n = 24) and an experimental group (n = 24), with four subgroups of six rabbits in each group. The rabbits were treated at 2, 4, 8, and 16 weeks in the experimental and control groups. All animal care, as well as experimental procedures, was conducted in accordance with institutional guidelines. Surgery was performed on all rabbits under sterile conditions. Anesthesia was achieved by intramuscular injection of 50 mg/kg Ketamine and 5mg/kg diazepam. A medial parapatellar incision was made in the right knee joint of each rabbit. We dislocated the patella laterally to expose the articular surface of the patellar groove of femur bone. One circular defect, 5 × 10 mm, was drilled through the articular cartilage into the bleeding subchondral bone in the distal part of the patellar groove with the use of a lowspeed dental drill (Dental Fabriktreffurt, Delab; Treffurt, Germany). The joint capsule and skin were closed by 03 catgut and 04 nylon sutures, respectively. Antibiotic therapy with ceftrax (Jaber ben Hayyan; Tehran, Iran) at a dose of 50 mg/kg was administered immediately before operation and at 24 and 48 hours after surgery. All animals were allowed to walk freely without any splint.
Low-Level Laser Therapy
One point of each right and left femoral condyle of the right knee of the rabbits in the experimental group was exposed by a laser immediately after surgery. The specifications of the laser used (Iranian Atomic Energy Organization; Bonab, Iran) were shown as-• Laser source: 10 mW He-Ne laser. The rabbits of the experimental group were relaxed in a restrainer by injection of one-half dose of anesthetized drugs during laser irradiation. Based on the side effects of daily general anesthesia on rabbits, such as general body weakness and poor healing of wounds, that we observed in our pilot study, we performed LLLT three times a week in the current study. In our previous studies, the He-Ne laser showed positive effects on immobilized articular cartilage. So in the present study, we used the laser parameters of the studies just mentioned [6, 9] .
We found no methodological differences between the control and experimental groups except the use of LLLT. The rabbits in the control group were held in a restrainer, received one-half dose of anesthetizing drugs, and received placebo LLLT with switched-off laser equipment, so no differences existed between control and experimental groups except LLLT.
Histological Examination
The rabbits were killed with inhalation of chloroform in a closed space at 2 weeks, 4 weeks, 8 weeks, and 16 weeks after surgery. The number of rabbits in each experimental study period for both study groups was six. We photographed defects using a Canon PowerShot G6 (Tokyo, Japan) and grossly examined and macroscopically evaluated them using a macroscopic grading system ( Table 1) .
The distal part of femur was cut from the bone, and the defects were fixed in 10 percent neutral buffered formalin, decalcified in ethylenediaminetetra-acetic acid solution, and embedded in paraffin for examining histologically. We cut sections sagittally from the proximal to distal aspect of the patellar groove, stained them with hematoxylin and eosin and 0.2 percent alcoholic solution of toluidine blue, and evaluated them by using a histological grading scale ( Table 2 ) [12] [13] . The histological analysis was performed under light microscopy. Two experts blinded to the treatment of each group independently examined each specimen. In case of disagreement, examiners reevaluated the specimen and reached a consensus. The slides were evaluated before each group was identified.
Statistical Analysis
We performed a student t-test to determine the differences between the control and experimental groups. The statistically significant difference was p < 0.05.
RESULTS
Macroscopic Appearance of Osteochondral Defects
The mean of the surface appearance and the filling of the defect (FD) of the experimental group was lower (better) than the control group at sequential intervals (2, 4, 8, and 16 wk periods) in most cases (5/8) (Figure 1) . However, student t-test showed that the FD was significantly lower in the control group (1 ± 0) than in the experimental group (2.16 ± 0.75) 2 weeks after surgery (p = 0.013). 
Histological Grading Scale of Osteochondral Defect
Histological micrographs of repairing tissue in study groups at sequential intervals (2, 4, 8, and 16 wk periods) are shown in Figure 2 . The mean of the histological grading scale of the experimental group was lower (better) in most cases (19/23).
2-Week Study Period
No significant differences were found among most of the histological parameters between the control and experimental groups. However, the total histological grading scale (3.83 ± 0.40) of the experimental group was sig-nificantly higher than that of the control group (3.16 ± 0.40) (p = 0.018).
4-Week Study Period
The mean of each integration of repaired tissue (IRT) (2.00 ± 1.54), matrix staining (MS) (3.66 ± 0.81), and architecture within entire defect (AED) (4.0 ± 0.0) of the experimental group was significantly lower than the mean of each IRT (1.33 ± 1.50), MS (1.33 ± 1.75), and AED (1.33 ± 2.00) of the control group; p-values = 0.005, 0.021, and 0.025, respectively).
8-Week Study Period
No significant differences were found among all the histological parameters and the total histological parameters (THPs) between the control and experimental groups.
16-Week Study Period
Most of the histological parameters and THPs of the experimental group increased significantly compared with those of the control group. The mean values of FD, IRT, MS, cellular morphology, AED, architecture of surface, and THPs of the experimental group were significantly lower than the mean values of those of the control group (Table 3) . However, the tidemark (3.83 ± 0.40) of the experimental group was significantly higher than that of the control group (1.66 ± 1.21) (p = 0.006). 
Table 2. (Continued)
Modified histological grading scale for osteochondral defects of articular cartage of rabbits (N = 48).
Figure 1.
Mean ± standard deviation of scoring system for macroscopic appearance of osteochondral defect of articular cartilage of study groups at sequential intervals. Student t-test revealed that filling of defect was significantly lower between control and experimental groups (p = 0.013).
DISCUSSION
The results of the current study could not show a positive effect of LLLT with the He-Ne laser on healing of one large osteochondral defect in rabbits throughout the study duration.
In two recent studies from the current authors' laboratory, the capability of He-Ne laser biostimulation to neutralize adverse effects of knee joint immobilization in rabbits was investigated [6, 9] . In these studies, the researchers divided the rabbits into three groups:
• Experimental group, which received LLLT with 13 J/ cm 2 (without considering the beam area of the laser used for calculating energy density) three times a week after immobilization of right knee.
• Control group, which did not receive laser therapy after immobilization. • Normal group, which received neither immobilization nor LLLT. Light microscopic and transmission electron microscopic (TEM) examinations were performed after 4-and 7-week immobilization periods [6] and a 13-week immobilization period [9] . In the first study, results showed that the depths of the chondrocytes filopodia and the articular cartilage in the laser-treated group were significantly higher than those of the control group. In the second study, TEM examination revealed marked filopodia and euchromatin nucleus in the experimental group [9] . The number of chondrocytes and depth of articular cartilage of the experimental group also increased significantly compared with that of the control group.
Very recently, Peccin et al. demonstrated that the He-Ne laser is capable of inducing cartilage neoformation [11] . They induced the bilateral knee cartilage defects in rabbits using a spherical bur. Those with the right knee defect served as the control group. Peccin et al. reported that after 40 days, a well-organized fibrous tissue fully filled the lesions of the control group, whereas the He-Ne laser-treated damages showed that a hyaline cartilage filled the lesion completely. Apparently, in the abovementioned studies, laser penetration was so deep that it could biostimulate chondrocytes of articular cartilage [6, 9] and damage cartilage neoformation [11] .
The current study results contrast with the Peccin et al. study results [11] . Peccin et al. used internal controls. However, systemic effect of LLLT has been reported in previous studies [14] [15] . In this regard, Khadra et al. have Mean ± standard deviation of scoring system for total histological scores of osteochondral defect of articular cartilage of study groups at sequential intervals. Student t-test showed (1) total histological parameter (THP) (3.83 ± 0.40) of experimental group was significantly higher than that of control group (3.16 ± 0.40) 2 wk after surgery (p = 0.018); (2) mean of integration of repaired tissue (IRT) (2.00 ± 1.54), matrix staining (MS) (3.66 ± 0.81), and architecture within entire defect (AED) (4.0 ± 0) of experimental group was significantly lower than mean of control group (IRT, 1.33 ± 1.50; MS, 1.33 ± 1.75; and AED, 1.33 ± 2.00, respectively) 4 wk after surgery (p = 0.005, p = 0.021, and p = 0.025, respectively); (3) most histological grading scales and THPs of experimental group were significantly higher than those of control group 16 wk after surgery, and mean of THP (8.83 ± 0.98) of experimental group was significantly lower than that of control group (19.66 ± 4.00, p = 0.003). However, at same time, tidemark (3.83 ± 0.40) of experimental group was significantly higher than that of control group (1.66 ± 1.21) (p = 0.006). reported that LLLT can stimulate the release of substances such as growth factors and cytokines into circulatory systems, so the laser could affect the untreated side of experimental animals or subjects [16] . On the other hand, Peccin et al. damaged the articular cartilage, whereas in the current study, the subchondral bone was deeply damaged. However, the present study results showed that LLLT did not accelerate osteochondral repair compared with that of the control group. Apparently, the results of our previous study [17] , which reported a significant increase in repairing osteochondral defect using an infrared laser, were superior to the results of present study. Comparison of the present study results with our previous study [17] results suggests that the infrared laser with longer wavelength penetrates more deeply to repair tissue than the He-Ne laser with shorter wavelength [18] . We speculate that the He-Ne laser did not penetrate the articular cartilage and subchondral bone deep enough to biostimulate acceleration of osteochondral healing as the infrared laser did.
Results of the current study comply with the results of Calatrava et al. [19] . Calatrava et al. induced a lesion on the hind limb of normal rabbits. These animals were divided into two groups. One group was treated with an He-Ne laser, and the other was treated with an infrared laser. At the end of treatment, a histological examination showed hyaline cartilage in the infrared laser group, fibrocartilage in the He-Ne laser group, and granulation tissue in limbs of the control group. Calatrava et al. concluded that the infrared laser significantly accelerated the articular cartilage healing process in the defect compared with that of the He-Ne laser [19] .
CONCLUSION
We conclude that LLLT with an He-Ne laser of one large osteochondral defect in rabbits of the experimental group could not significantly accelerate healing of a large osteochondral defect compared with that of the control group throughout the duration of the present study.
